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Change is fundamental to all social systems. Temporal dynamics are critical in understanding how relationships form and change over time but rarely are studied explicitly in animal groups. Social network approaches are useful in describing association patterns and provide promising tools for investigating the dynamics of change in social structure but have rarely been used to quantify how animal associations change over time. In this study, we describe and test a framework for temporal analysis of social structure. We propose an analytical framework of methods that integrates across social scales and comparatively analyses change in social structure across multiple types of social association. These methods enable comparisons in groups that differ in size and are flexible to allow application to weighted and unweighted networks, where ties can be directed or undirected, and relationships can be symmetric or asymmetric. We apply this analytical framework to temporal social network data from experimentally formed captive groups of monk parakeets, Myiopsitta monachus, to both evaluate our analysis methods and characterize the social structure of this species. We compared dynamics of dyadic network formation, ego network formation and global network stabilization patterns across neutral, affiliative and agonistic associations. We found that social structure of captive monk parakeets formed and stabilized over a short period, but patterns differed by social association type. We also found evidence for consistency in the temporal dynamics of formation and stabilization of social structure between replicate social groups. Our analysis methods successfully identified change in social structure that corresponded well with qualitative observations. This framework is likely to be useful in characterizing patterns of temporal dynamics in social structure in longitudinal data in wide variety of social systems and species. Ó 2012 The Association for the Study of Animal Behaviour. Published by Elsevier Ltd. All rights reserved.
Change is fundamental to all social systems. Social associations vary over time as individuals are incorporated into social groups through birth and immigration and leave through emigration and death. This process can be somewhat predictable in cases of longlived species with stable social groups. In contrast, this process is less predictable when mortality rates are higher or when individuals alter their group membership more frequently, as in the case of species with high fissionefusion dynamics. The importance of an individual's social associates can also be context dependent and can shift with changes in developmental, environmental or social conditions (Hinde 1976a; Sapolsky 2005) . Once formed, relationships among individuals are unlikely to remain static, and the consistency or stability of relationships is important to consider when characterizing social patterns (Hinde 1976a).
Temporal Dynamics of Social Networks
Temporal dynamics are key to understanding how relationships form and change over time but are rarely studied explicitly in animal groups (Whitehead 2008; Krause & Ruxton 2010) . One method for analysing social relationships is social network analysis (Wasserman & Faust 1994; Wey et al. 2007; Croft et al. 2008) . Social network analysis is a flexible, model-free technique applicable to a wide range of social situations. It provides methods for quantifying relationships and how individuals fit into the social landscape on a global scale. Although social network analysis provides promising tools for investigating the dynamics of change in social structure, it has rarely been used to quantify how animal associations change over time. Where temporal dynamics of social
